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Introduction
Wood materials in timber applications are subjected to various loading conditions ranging from static to impact forces. Wood under static and quasi-static loading is used in many structural members such as building members, bridges, etc. The European standard EN 338 (EN338, 2003) provides a strength class system for structural timber and strength profiles (characteristic strength values for bending, tension, compression and shear stresses) for each strength class. Contact joints in timber structures are often loaded in compression perpendicular to the grain. Contrary to most types of timber connections (Ehlbeck and al., 1989) , (Smith and al., 1988) , (Bleron, 2000) , the load-deformation behaviour of contact joints is generally very ductile (figure 1). For compression perpendicular to the grain the two options of tests are discussed.
The first one is a test where a block of wood is loaded in uniform compression over the full surface. The second one is a situation where the test specimen is loaded over part of the length corresponding to a rail on a sleeper. The latter method that is used in US and Australia gives higher strength values than the block test because the fibres adjacent to the loaded area contributes in taking the load (figure 1). The first method was chosen in Europe and it was assumed that the rail test results could be derived from the block results. Since the test method for compression strength perpendicular to the grain was changed from a partial area to a full area loading test, strength values for softwood in EN 338 were significantly reduced. Consequently, a change in design rules was necessary to ensure an equivalent resistance level in compression perpendicular to the grain. -f s is the compressive strength in the contact (area perpendicular to the grain), -f c,90 is the reference compressive strength according to EN408, -k c,90 is a factor taking into account the load configuration, the contact length and the member depth, -h 0 is the gauge length, in millimetres.
A comprehensive survey of research work is given by Gehri (Gehri, 1997) , Blass (Blass and al., 2004) and Augustin (Augustin and al, 2006) . Eurocode 5 is based on a model set out in (Blass and al., 2004) . The starting point for this model is the tests reported in Madsen (Madsen, 2000) where an effective length of contact was found. This length is equal to the length of actual contact increased by 30 mm. The length of 30 mm is also punitive for timber construction, specifically for glulam structures. Riberholt (Riberholt, 2000) . Van der Put (Van der Put, 2006 ) presented an analytical model based on plasticity theory. Wood materials are commonly assumed to be orthotropic for analytical study. The linear material behavior of wood is generally observed in longitudinal and transverse tension, while the stress-strain relationships in compression and shear exhibit significant nonlinearity and ductility (figure 3). When loaded in compression, the response for the three main directions (L: longitudinal, R: radial, T: tangential) can be characterized by an initial elastic region, followed by a plateau region and finally a region of rapidly increasing stress. To simulate wood nonlinearity in shear and compression, Patton-Mallory (Patton-Mallory, 1997) used bilinear functions for wood nonlinear modelling. (Kollmann, 1984) Here we propose to test different loading cases and simulations in order to check the compression strength perpendicular to the grain of locally loaded timber. The objective is to propose an original formula for estimating the effective contact area in the case of compression perpendicular to the grain depending on the type of loading
Material and methods

Experimental procedure
Mechanical testing was carried out using an INSTRON universal testing machine, with a 100 kN load cell. The standard test method of EN 408 was applied for all tests, resulting in a well defined value for the reference compressive strength
and other data. The loading rate was 5 mm/min. The compressive strength f c,90 perpendicular to the grain is defined as the conventional value determined by a residual deformation of 0.01h 0 , where h is the height of the sample. The stiffness of wood, in the direction perpendicular to the grain, is determined by its modulus of elasticity E c,90 . This secant modulus is conventionally defined as the slope of the linear part in the stress-strain relationship, between 10% and 40% of the conventional failure stress.
Glued laminated timber blocks of Norway Spruce (Picea abies Karst) were tested to show the compressive strength perpendicular to the grain for different loading condition. Test material was conditioned between 10% and 12% MC. The reference compressive test pieces are summarized in the table 1 and figure 4. The different rules of calculation take into consideration only the effect of the beam heights. The strength in compression perpendicular to the grain being independent of the width, we then chose as a single 78 mm width. 
Results
Failure occurs at the plastic threshold by compression and lateral deformation. After local compression failure a load increase is possible. The test results are presented in table 4 (mean & standard deviation). The compression stress perpendicular to the grain is calculated using an effective contact length parallel to the grain. Comparison shows that the member height has no influence on the loadcarrying-capacity (comparing case 2.1 and 2.2) for low beams heights. If the timber member protrudes over the end of the contact area, the actual contact length has to be extended on both sides by a length. Indeed, the strength in compression perpendicular to the grain doubles between the case 1 and the case 2.1. Some simulations have been made in order to determine this effective length.
The presented material model has been implemented in the 3D nonlinear explicit finite element simulation code ANSYS. FE analyses were carried out using 8-nodes solid elements (SOLID45). Parameters E L , E R and E T are the moduli of elasticity in the three orthotropic directions and G LR , G LT and G RT are the shear moduli in the respective orthotropic planes. Mechanical behaviour was taken as orthotropic and elastoplastic. Data of spruce used for the model were taken from literature ( (Guitard, 1987) , (Pluvinage, 1992) Before predicting the plastic strain for different loading cases, the finite element model used has to be calibrated. The model has been validated by comparing numerical simulations to experimental tests which have been performed (table 4) Table 4 . Results
Discussion and conclusion
To determine the length beyond support (a) that allows reaching the maximum value for l a , we used different values for a beam with a cross section of 300 mm (h) x 160 mm (b) (figure 5). The loading configuration was an axial compression on discrete supports. Load was created by imposition of a displacement on the surface of the discrete support. Length of support can be raised by addition of a value (l a ), mainly dependent of beam height, and in a limited extent of beam width, when support length reaches a certain level which is quite low (figure 6). Fixing the limit of 3% of strength loss, we can note that a ≥ 2.25 l a is sufficient to take the maximal value of l a . FEM analyses shows that the plasticized zone of the support is a function of the length of this support and the height of the sample. However, beyond a certain distance, the value remains constant because the end distances do not influence the compressive strength. This conclusion was leading for the size of the test specimens.
Figure 6. Maximal additional contact length on each side (l a )
To highlight the threshold length of l a , which reached its maximum depending on actual support length L ap , we are based on the calculation of the embedding strength developed for dowel assemblies. A eff represents effective contact area that is the width of the sample by the length (L ap + 2×l a ) in the case of figure 5. A real represents contact area that is the width b of the sample by the support length L ap . We can define the following equality [2] : [2] where f h,90 is the embedding strength perpendicular to the grain.
In that case, we arrive at a minimum ratio of 4 for softwood strength between C14 and C50. In conclusion, we limit the resistance in compression perpendicular to the grain to 4 times f c,90,k to avoid the wood puncture by small surfaces of contact. To meet this requirement, we have integrated the maximum value of the k c,90 defined by Blass (Blass and al., 2004) to define the threshold length of l a . Then, the length l a must be less than L ap /1.6. 
